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Abstract. The study was carried out to investigate the effect of MA packaging materials on qudity and
storability of tomato in long distance export condition. We found that the fresh weight loss in perforated film
was higher than other breathable films. The fresh weight of tomato (cv ‘Madison’) packaged with breath-
able films, such as 5,000 cc, 10,000 cc, 20,000 cc/m? - day - atm oxygen permeable films, reduced less than
0.6%, but perforated film that already being used for packaging horticultural crops showed 1.4% fresh
weight loss during 5°C storage for 20 days and then 20°C storage for last 5 days with 85% relative humid-
ity. The carbon dioxide and oxygen concentration in tomato packages showed proper level for MA storage
in 20,000 cc/m? - day - atm O, breathable film treatment at 5°C storage. Although at 20°C storage, the car-
bon dioxide concentration increased sharply, the oxygen concentration decreased remarkably, the change of
these gases concentration was the lowest in 20,000 cc film treatment. The ethylene concentration was
sharply increased at 20°C from 21% day to 25" day after 5°C storage for 20 day, and the concentration was
lower in 20,000 cc film treatment among the breathable film treatments. Until 20 days, at 5°C storage all
treatments did not exceed the marketability. However, the last 5 days during at 20°C, the fruit appeared fun-
gal rots and the quality rapidly decreased. The 20,000 cc/m? - day - atm O, permesbility treated tomato per-
formed higher firmness (9.56 N), vitamin C (16.31 mg/100 gFW), and soluble solids (7 °Brix) than other
breathable films at final storage day. The results suggest that the 20,000 cc/m? - day - atm O, permesable film
treatment of tomato (cv ‘Madison’) performed the highest quality and storability of tomato for long distance

exporting.

Key words: carbon dioxide, ethylene, firmness, oxygen, soluble solids, vitamin C

Introduction

The losses of postharvest quality mainly happen after
harvesting to before consumption. The loss of qudity is
caused by physical, chemica (Cruz et ., 2009) and gas-
eous changes. This high loss is due to inadequate storage
facilities along improper packaging and transportation
(Kebede, 1991), and harvesting inappropriate maturity
stage without considering the purposes, market place and
destination, as well as consumer and buyer. Nowadays,
breathable film is getting popularity as a packing materia
to export horticultura products as well as during display
a outlet/super market. It helps to provide UV ability,
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dowing respiration rate, retarding spoilage, retain longer
water molecules, inhibiting the dehydration process,
retain freshness, extend sdlf life and maintain high qual-
ity during storage period. Softening of fruit exposed to
ethylene can reduce their storage life shipping ability
(Kader, 1985).

Modified Atmosphere (MA) packaging usualy use to
maintain the optimum O, and CO, concentration that is
product can getslong shelf life and maintain quality. Low
oxygen (3~5%) amospheres retard tomato ripening
while high levels of carbon dioxide (> 5%) are consid-
ered damaging for tomatoes (Cantwell et ., 2009). Car-
bon dioxide concentrations higher than 5% may cause
surface discoloration, softening, and uneven coloration
(Leshuk and Saltveit, 1990; Sargent and Moretti, 2004).

The micro perforated polypropylene (PP) film relates
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to the field of packaging for respiring or biochemicaly
active agricultura products such as fresh fruits, fresh
vegetables, fresh herbs, and flowers and more particu-
larly for use in modifying the flow of oxygen and carbon
dioxide into and/out of a fresh produce container (Sohn
et a., 2008). The flesh firmness of apples packed in
micro perforated film during the storage period was sig-
nificantly higher than that of apples packed in non-micro
perforated film, and the level of soluble solids was aso
higher (Chung et d., 2008). Grapes packaged with 0.03mm
polyethylene film maintained berry firmness, soluble
solid content, titratable acidity, and peel L value com-
pared with control treatment (Yang et d., 2007). At 5°C,
near ripe grape tomatoes were of marketable quality for
18 days (Cantwell et d., 2009). Nowadays, the Korean
produced tomatoes are exporting to Hong Kong at 5°C
conditions. The study was carried out to investigate the
effect of packing materials on qudity and storability of
‘Madison’ tomato in different storage temperatures to
export long distance country.

Materials and Methods

Hydroponics grown light red maturity stage of fresh
consumed tomato (Lycopersicon esculentum Mill. cv
Madison) was treated different gas permesbility packag-
ing films that show 5,000 cc, 10,000 cc and 20,000 cc/
m? - day - atm O, permesbility at 5°C for first 20 days
and then at 20°C for last 5 days with 85% rel ative humid-
ity. The Madison was suggested to proper cultivar for
exporting because it showed higher firmness among 15
cultivars and the highest soluble solids among 6 Euro-
pean cultivars (Zahirul et d., 2010).

Carbon dioxide and oxygen concentrations were mea-
sured by PBI Dansensor Check Mate 9900 and ethylene
concentration was measured by GC-2010 Shimadzu
equipped with Wax column and a flame ionization detec-
tor (FID). The detector and injector to operate a 127°C
and the oven were 50°C, and carrier gas (N,) flow rate
0.67 mL/s (Park et ., 2000). The weight loss of tomato
during storage period was measured by subtracting sam-
ple weights from their previous recorded weights and
result presented as % of weight loss compared to initia
weight.

Visble quality was observed on the scaleof 1to 5 (1=

very bad, 2 =bad, 3=good, marketable, 4 = very good,
and 5 = excellent) during 5°C storage. Five panel mem-
bers were employed to perform the quality of tomato.

Firmness was measured using a Rheo meter (Sun Sci-
entific Co. Ltd., Japan) with maximum force of 10kg
and a 6 mm diameter round stainless steel probe with a
flat end. During measurement, tomatoes were placed on a
plastic ring to keep upright. Penetrating force (N) through
the skin of the tomato flesh and deformation (mm) values
during penetrations were recorded.

The vitamin C measured by RQflex plus (Merck, Ger-
many) with mg/100 g FW (Arvanitoyannis et a., 2005).
The soluble solid measured by Refractometer (Atago
U.SA. Inc, U.SA.) and results were read directly in
°Brix. The titratable acidity measured by DL 22 Food &
Beverage Anayzer (Metter Toledo Ltd., Korea) and the
result to report as % citric acid.

Result and Discussion

The carbon dioxide concentration was lower in 20,000 cc/
m? - day - am O, permesble film treatment than other
bresthable films. In dl treatments, at 5°C from initia day
to 20" day carbon dioxide concentration was lower than
20°C from 21 day to 25" day. At 20°C, carbon dioxide
concentration was rapidly increased in al breathable film
treatments (Fig. 1). As concern about carbon dioxide
concentration for MA storage of tomato, 20,000 cc treat-
ment was proper because tomato was classified lowest
vegetable of maximum carbon dioxide tolerance concen-
tration (Kader, 2002). At 20" day in 5°C, the only
20,000 cc film treatment show less than 2% the carbon
dioxide concentration that is maximum tolerance concen-
tration of carbon dioxide of tomato (Kader, 2002). At the
final storage day, the 5,000 cc film trestment of tomato
produced higher carbon dioxide concentration whereas
20,000 cc film treatment of tomato produced lower car-
bon dioxide concentration at 20°C.

The oxygen concentration was sharply decreased at
20°C from 21% day to 25™ day. However, the oxygen con-
centration was almost Similar of each trestment from 5
day to 15" day at 5°C storage (Fig. 1). As concern about
oxygen concentration for MA storage of tomato, 20,000 cc
film treatment was proper because the minimum oxygen
tolerance concentration of tomato was reported to 3%

-222 -



Effect of Breathable Film for Modified Atmosphere Packaging Materia on the Quality and Storahility ......

35

< 25 30
< 5o | _—%=5,000cc - — DL = —8-5,000cc
3] . 9 ST S SN I — -
s 10,000cc 20 _=|_ #="10,000¢cC
S 25 T 5420,000cc Jr g = 50 | —¥20,000cc
220 i 915 Q
o / < 8 15
5 b 3 810 o
c > c
s 3 —8-5000cc |- 2 10
8 5 Lo 5 —ffroﬁm—‘,; £ 5

= —=20,000cc =) W

0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Days in Storage

Days in Storage

Days in storage

Fig. 1. Changes of carbon dooxide, oxygen and ethylene concentration of packages that had 5,000 cc, 10,000 cc and
20,000 cc/m? - day - am O, permesbility of light red maturity stage ‘Madison’ tomato at 5°C distribution temperature for
first 20 days and at 20°C for last 5 days. Vertical bars represent + SE of the means (n = 5).

(Kader, 2002). The recommended CA or MA condition
of tomato was reported 3~5% carbon dioxide and 3~5%
oxygen concentration (Sdtveit, 2001). The 20,000 cc
film trestment of tomato produced higher oxygen con-
centration and 10,000 cc film treatment of tomato pro-
duced lower oxygen concentration at the end of storage
day at 20°C.

The ethylene concentration was sharply increased from
21% day to 239 day and after that rapidly decreased at
20°C storage. However, at 5°C from initial day to 5 day
storage in al trestments, the ethylene concentration was
dightly increased and after that dlightly decreased in all
trestments until 20" day (Fig. 1). The ethylene was
known the senescence induced plant hormone, aso
accelerated quality deterioration of tomato fruits, such as
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decrease of firmness and vitamin C and so on (Watada,
1986). The tomato fruit produced high level ethylene gas
during ripening (Kays and Paull, 2004). The ethylene
should be controlled lowest concentration in tomato
packages. The ethylene concentration of 5,000 cc film
treatment of tomato produced higher and 20,000 cc film
trestment of tomato contained lower concentration at the
last storage day.

As storage period progressed the fresh weight loss
increased. At 5°C storage until 20™ day the fresh weight
loss was lower than a 20°C from 21% day to 25" day.
Among al treatments, perforated film showed higher
fresh weight loss at 25" day because of its pore. The
higher fresh weight loss showed by perforated film and
lower fresh weight loss showed by 20,000 cc film treat-
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Fig. 2. Changes of fresh weight loss, visual qudity of ‘Madison’ tomato packed with 5,000 cc, 10,000 cc and 20,000 cc/
m? - day - atm O, permeability of light red maturity stage at 5°C distribution temperature for first 20 days and at 20°C for

last 5 days. Vertica bars represent + SE of the means (n =5).
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ment of tomato at 20°C at fina storage day (Fig. 2). Until
find storage day, our result did not exceed the maximum
permissible weight loss 7% (Kays and Paull, 2004). Dur-
ing 5°C sorage period, the fresh weight loss did not
influence the fruit surface appearance due to control
humidity and the fresh weight loss statistically significant
a 1% and 5% level. These results indicate that the low
temperature and packaging prevented the light red tomato
from losing water as a result of transpiration, which pre-
vented shrinkage of the tomato. Until 15 daysin dl treat-
ments of light red maturity stage of tomato, the visua
quality did not change and the marketable visud quality
was remained until 20 days at 5°C storage (Fig. 2). At
20°C from 212 day to 25" day the visual quality rapidly
decreased and the fruit appeared surface pitting and fun-
gd rots.

Firmness is an important aspect of fresh consumed
tomato fruit quality to export different countries. Usu-
ally, firmness decrease with advancement of storage
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period (Fig. 3). The 20,000 cc film trested tomato was
contained the higher firmness than other treatments at
find storage day, because firmness of climacteric fruit is
decreased by ethylene (Kays and Paull, 2004) and
20,000 cc film treatments was maintained the lowest eth-
ylene content among breathable film treatments during
storage. But perforated film treatment that showed below
0.1 uL/L (data not shown) appeared the lowest firmness
because it lost the highest fresh weight. The loss of mois-
ture results in a reduction of fresh weight of the harvest
product and losses in turgidity and firmness (Kays and
Paull, 2004).

In addition, the 20,000 cc/m? - day - am O, permesble
film trested tomato showed the highest firmness, soluble
solids and vitamin C content than other trestments, and
the highest titratable acidity among breathable film treat-
ments &t the final storage day (Fig. 3). The soluble solids
and organic acid that are primary respiratory substrates of
horticultural crops might be maintained in proper CA or
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Fig. 3. Firmness, vitamin C, soluble solids, and titratable acidity of ‘Madison’ tomato packed with 5,000 cc, 10,000 cc and
20,000 cc/m? - day - atm O, permesbility of light red maturity stage at 20°C distribution temperature at 25" day. Vertical

bars represent + SE of the means (n=5).
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MA conditions that should reduce respiration without
any physiologica disorder. The losses vitamin C content
of horticultura crops is greater with increasing storage
temperature and duration (Kays and Paull, 2004), and the
vitamin C decreased sharply in improper storage condi-
tion (Lee et d., 1996).

The 20,000 cc/m? - day - atm O, permesble film treated
‘Madison’ tomato showed higher firmness, vitamin C
and soluble solids than other trestments at the end of
storage day. Therefore, the research result could be useful
in helping to tomato growers and/ or exporters to export
their tomato different countries by using breathable film

packaging.
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